I n t r o d u c t i o n . -I n h y d r o g e n a t e d amorphous S i f i l m s p r e p a r e d by plasma d e p o s i t i o n f r o m m o n o s i l a n e , t h e r e a r e t o o many p a r a m e t e r s i n d e t e r m i n i n g t h e i n c o r p o r a t i o n manner o f h y d r o g e n and i m p u r i t y atorns and t h e r e b y s t r u c t u a l and e l e c t r o n i c p r o p e r t i e s [ l , 2 , 3 , 4 ] . W h i l e , a s d e m o n s t r a t e d by FRITZSCHE[4], K N I G H T s [~] , TSAI
and OKAMOT0 [7] , s u r f a c e p o t e n t i a l a t t h e s u b s t r a t e a l s o has a s i g n i f i c a n t inf111enr.e o n t h e o v e r a l l p r o p e r t i e s o f a -S i : H f i l m s a s w e l l a s o t h e r c o n v e n t i o n a l d e p o s i t i o n p a r a m e t e r s ; s u b s t r a t e tempera t u r e , gas p r e s s u r e , gas f l o w r a t e , r f power and so f o r t h . F o r a f u r t h e r d e t a i l e d r e c o g n i t i o n o f s u r f a c e p o t e n t i a l e f f e c t
s , we have c o n d u c t e d a s y s t e m a t i c i n v e s t i g at i o n s hy e m p l o y i n g t h e c r o s s f i e l d plasnia d e p o s i t i o n m e t h o d [ 7 ] w h i c h makes i t p o s s i b l e t o c o n t r o l t h e s u b s t r a t e p o t e n t i a l s e p a r a t e l y f r o m o t h e r d e p o s i t i o n p a r a m e t e r s .
T h i s p a p e r p r e s e n t s a s e r i e s o f e x p e r i m e n t a l d a t a o n t h e hydrogen and b o r o n i n c o r p o r a t i o n , t h e e l e c t r i c a l , o p t i c a l and o p t o e l e c t r o n i c p r o p e r t i e s o f undoped and i m p u r i t y doped a -S i : H f i l m s d e p o s i t e d under t h e e x t e r n a l l y b i a s e d c o n d i t i o n . B e s i d e s , s i n c e optical-emission-spectroscopy(0ES) o f a s i l a n e g l o w d i s c h a r g e i s , i n t h e g e n e r a l concensus, e x p e c t e d t o be a u s e f u l t o o l f o r u n d e r s t a n d i n g t h e plasma c h e m i s t r y [ 8 ] , we a l s o d i s c u s s t h e r e s u l t s o f OES d u r i n g t h e plasma d e c o m p o s i t i o n w i t h b i a s e d c o n d i t i o n i n conj u n c t i o n w i t h t h e f i l m p r o p e r t i e s .
Cross f i e l d plasma de o s i t i o n system.-F i g u r e I shows a s c h e P a t i c i I l u s t r a t :on o f t h e d e o o s i t i o n svstem ernDloved i n t h e w o r k . The , , plesma was e x c i t e d b y 13.56 M H~ r f o s c i l l a t e r t h r o u g h t h e s y m m e t r i c c o u p l i n g e l e c t r o d e s A a n d B s e t t l e d o u t s i d e t h e r e a c t i o n t u n n e l chamber o f 14 cm i n d i a m e t e r , 2 5 cm i n h i g h t . An a d d i t i o n a l dc e l e c t r i c f i e l d was s u p e rimposed p e r p e n d i c u l a r l y t o r f e l e c t r i c f i e l d by u s i n q two p a r a l e l l e l e c t r o d e s C and D s e p a r a t e d by 14 cm. S u b s t r a t e m a t e r i a l s were 
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t h i s d e p o s i t i o n system i s t h a t t h e s u b s t r a t e p o t e n t i a l w i t h r e s p e c t t o t h e plasma can be c o n t r o l l e d i n d e p e n d e n t l y f r o m t h e energy d e n s i t y o f t h e plasma e x c i t e d by r f e l e c t r i c f i e l d [ 9 ] .
The d i s t a n c e between t h e c e n t e r o f t h e r f c o u p l i n g e l e c t r o d e s and s u b s t r a t e was f i x e d t o be 1 1 crn t h r o u g h o u t t h e p r e s e n t work. A dc b i a s v o l t a g e Vb a p p l i e d between t h e e l e c t r o d e s C and D, t h a t i s VD-VC, was v a r i e d from -150 t o +150V.
F i g u r e 2 shows t h e Ib-Vb c h a r a c t e r i s t i c s .
As t h e e l e c t r o d e C i s l o c a t e d deep i n t h e p o s i t i v e column, t h e i o n c u r r e n t i n t o t h e -200 -100
e l e c t r o d e C c o u l d cancel o u t t h e s a t u r a t i o n --.
e l e c t r o n c u r r e n t i n t o t h e e l e c t .. U 4 a'isc&zryr a s c .~,crmetcr of rj-power. so c a l l e d t h e plasma p o t e n t i a l , above w h i c t a c u r r e n t l b ( m a i n l y e l e c t r o n c u r r e n t t o t h e e l e c t r o d e D) s a t u r a t e s i n t h e f i r s t q u a d r a n t i n F i g . 2 i s t h e space p o t e n t i a l i n t h e plasma. I n t h e case o f a f l a t bed system t r i e d , f o r example,by KNIGHTS e t a l . [4, 5, 6 
], t h e s u b s t r a t e p o t e n t i a l i s e s s e n t i a l l y modurated by t h e a p p l i e d r f v o l t a g e [ l 0 ] and c o u l d n o t be e x t e r n a l l y c o n t r o l l e d f r e e l y [ l l ] . On t h e c o n t r a r y , i n o u r system, as t h e e l e c t r o d e s C and D a r e e l e c t r i c a l l y i s o l a t e d from t h e r f c i r c u i t , t h e s u b s t r a t e p o t e n t i a l can be d e f i n i t e l y c o n t r o l l e d s t a b l y by s e t t i n g o f Vb. Amorphous Si:H f j l r n s were d e p o s i t e d o n t o 7059 Corning g l a s s o r h i g h r e s i s t i v e
c r y s t a l l i n e S i w a f e r f r o m monosilane, monosilane/phosphine o r m o n o s i l a n e / d i b o r a n e m i x t u r e d i l u t e d w i t h hydrogen gas t o 3-10 v o l . % a t t h e s u b s t r a t e t e m p e r a t u r e o f 250°C. T o t a l gas f l o w was m a i n t a i n e d t o be 60-80 sccm w i t h a p r e s s u r e o f 1-2 t o r r and i n p f t power was 55W. Under t h e s e c o n d i t i o n s , t h e d e p o s i t i o n r a t e s were 0.7, 1.2 and 1 . 1 A/ sec f o r P-doped, B-doped and undoped f i l m s , r e s p e c t i v e l y . These d e p o s i t i o n r a t e s a r e almost independent o f t h e p o l a r i t y and magnitude o f t h e b i a s v o l t a g e Vb l e s s than 4 
V. T h i s f a c t means t h a t t h e b i a s v o l t a g e a p p l i e d between t h e e l e c t r o d e s D and C does n o t d i s t u r b t h e plasma decomposition process i n t h e p o s i t i v e column. E f f e c t s o f the b i a s vol t a q e on hydrogen i n c o r p o r a t i o n . -As t h e f i r s t s t e p i d e n t i f i c at i o n o f a -S i : H f i l m s produced by c r o s s f i e l d method, i r a b s o r p t i o n s p e c t r a measurements
were made w i t h f i l m s d e p o s i t e d on h i g h p u r i t y c r y s t a l l i n e S i w a f e r . F i g u r e 3 shows t h e hydrogen c o n t e n t CH and a b s o r p t i o n c o e f f i c i e n t a a t t h e group) and 2000 cm-' ( i s o l a t e d monohydrides) as a f u n c t i o n o f Vb. As seen i n t h e f i g u r e , a c l e a r s t r e t c h i n g mode f r e q u e n c i e doped and B-doped, r e s p e c t i v e l y .
We have c a r r i e d o u t t h e e l e c t r i c a l , o p t i c a l and o p t o e l e c t r o n i c measurements i n o r d e r t o understand how these d i f f e r e n t i n c o r p o r a t i o n manner o f hydrogen atoms r e f l e c t on t h e p r o p e r t i e s o f a -S i : H f i l m s . F i g u r e 4 show5 t h e n o r m a l i z e d p h o to c o n d u c t i v i t y q g r under 1.9eV i l l u m i n a t i o n (3x 1014photons/sec/cm2) and t h e d a r k cond u c t i v i t y od a t room temperature as a f u n c t i o n o f Vb. As can be seen i n t h e f i g u r e , t h e r e e
x i s t s t h e optimum b i a s v o lt a g e Vop f o r t h e p h o t o c o n d u c t i v e p r o p e r t y o f undoped f i l m s and a t t h i s b i a s v o l t a g e od e x h i b i t s minimum. Vop i s r e l a t e d w i t h r f power as a l s o shown i n F i g . 4 , and t h e
v a l u e s o f Vop a r e about 0 and + 50 V f o r t h e power o f 35W and 55W, r e s p e c t i v e l y .
The plasma p o t e n t i a l V,, as a l r e a d y r e f e r e d P : -,.< ijoormaLizei s%otcconduc:i.;ic ;n,r c n .
' &yi( c y t -i n t h e p r e v i o u s s e c t i o h , was about +6OV and + l l O V f o r 35W and 55W, r e s p e c t i v e l y . I t i s uot ivi t? od n: rgom tr..nperai!<ra .?or imdqes' filnc n s concluded comoarina w i t h these d a t a t h a t I .=u'urction o f bias voltage. the optimum s u b s t r a t e p o t e n t i a l w i t h r e s p e c t t o t h e plasma i s about -60V c o n s t a n t f o r b o t h t h e powers. The most f a v o u r a b l e b i a s v o l t a g e f o r p h o t o c o n d u c t i v e p r o p e r t y does n o t agree w i t h t h a t m i n i m i z i n g t h e SiH2 a b s o r p t i o n mode as can be found i n F i g s . 3 and 4 .

Namelr, Fhe f o l l o w i n g statement m i g h t n o t always be v a l i d ; t h e r a t i o a(2000 crn-l)/a(2090 cm-) I S a good measure o f t h e f i l m q u a l i t y f o r a s o l a r c e l l m a t e r i a l [ l 2 ] . I t would be imagined t h a t a p r o b a b l e e f f e c t o f i o n damage p l a y s a more dominant r o l e on d e t e r m i n i n g t h e p h o t o c o n d u c t i v e p r o p e r t y than t h e l o c a l bonding manner o f hydrogen i n a-Si:H. O p t i c a l -e m i s s i o n -s p e c t r o s c o p y 1neasureti.ents.-I n o r d e r t o c l a r i f y t h e b a s i c plasma k i n e t i c s and s u r f a c e r e a c t i o n s encountered i n b i a s e d plasma d e p o s i t i o n , we have rneasu r e d t h e o p t i c a l -e m i s s i o n -s p e c t r a (OES) from t h e s i l a n e plasma' as a f u n c t i o n o f Vb. The o p t i c a l -e m i s s i o n i n t e n s i t i e s o f t h e r e a c t i v e s p e c i e s SiH, H2 and H i n t h e p o s i t i v e
column o f plasma were n o t a f f e c t e d by Vb. On t h e o t h e r hand, those j u s t above t h e subs t r a t e were s t r o n g l y i n f u l e n c e d by Vb. 
n o t e d i n t h a t o f [ H I / [ H Z ] . These b i a s v o l t a g e iSi H31fH3 dependences o f t h e i n t e n s i t y r a t i o a r e s i m i l a r t o t h a t o f t h e e l e c t r i c a l and p h o t o c o n d u c t i v e p r o p e r -E t i e s o f P-doped (as can be seen i n t h e f o l l o w i n g s e c t i o n ) and undoped a-Si:H f i l m s . T h i s i m p l i e s t h a t i n c r e a s i n g t h e r a t i o o f [ S i H ] / [ H ] , [ S i H I / [ t i 2 ]
C4-634
.;OUENAI. DE PHYSIQUE band. I n t h e c o u r s e o f t h e p r e l i m i n a r y s t u d y o f IMA and ESR, i t has been deduced t h a t t h e former two i n t e r p r e t a t i o n s a r e more a c c e p t a b l e . These f a c t s mean t h a t t h e s u r f a c e p o t e n t i a l a t t h e s u b s t r a t e has a s i g n i f i c a n t i n f l u e n c e n o t o n l y on t h e boron i n c l u d i n g e f f i c i e n c y b u t a l s o on t h e doping e f f i c i e n c y r e l a t e d t o t h e i m p u r i t y i n c o r p o r a t i o n manner i n a -S i :H f i l m s .
-c o n s i d e r t h a t t h e i n c o r p o r a t i o n manner o f t h e imp u r i t y atoms i s a l s o c o r r e l a t e d w i t h Vb. Based on t h i s s p e c u l a t i o n , we have c a r r i e d o u t a s e r i e s o f e x p e r i m e n t a l i n v e s t i g a t i o n s on t h e e l e c t r i c a l and o p t o e l e c t r o n i c p r o p e r t i e s o f doped a -S i : H f i l m s d e p o s i t e d under t h e e x i s t e n
Summary.-A s e r i e s o f e x p e r i m e n t a l i n v e s t i g a t i o n s on t h e mechanism o f plasma decomposit i o n and amorphous S i d e p o s i t i o n have been made by t h e c r o s s f i e l d f u r n a c e . The r e s u l t can be sumnarized as t h e f o l l o w i n g : f i ) E f f e c t s o f p r e p a r a t i o n c o n d i t i o n on t h e f i l m p r o p e r t y s h o u l d be devided i n t o t h r e e s e p a r a t e processes o f t h e d e p o s i t i o n mechanism, t h a t i s , a ) p l a s~n a decomposition o f source gases ( d i r e c t l y a f f e c t e d by gas p r e s s u r e , d i s c h a r g e power d e n s i t y and k i n d o f source gases), b) d i f f u s i o n o f i o n i z e d and n e u t r a l s p e c i e s t o t h e v i c i n i t y o f s u b s t r a t e , and c) d e p o s i t i o n o f species on t o s u b s t r a t e ( a f f e c t e d by k i n e t i c energy and e x c i t a t i o n energy o f s p e c i e s v e r y s e v c r l y ) . The subs t r a t e p o t e n t i a l does c o r r e l a t e w i t h t h e processes b) and/or c ) . The d e p o s i t i o n p a r ameters such as plasma d i s c h a r g e power and gass p r e s s u r e a f f e c t a l l the processes a ) , b) and c ) t h r o u g h changing t h e s u b s t r a t e p o t e n t i a l o r o t h e r f a c t o r s .
( i i ) As t h e e x p e r i m e n t a l c o n d i t i o n , s u r f a c e p o t e n t i a l a t t h e s u b s t r a t e , d i s t a n c e between p o s i t i v e column and s u b s t r a t e , and s u b s t r a t e temperature d e t e r m i n e t h e c o m p i l i n g manner o f hydrogen and i m p u r i t y atoms i n t o t h e aniorphous n e t w o r k , consequently, d e c i d e t h e f i l m p r o p e r t y .
( i i i ) To have t h e c o n t r o l l a b i l i t i e s on t h e above t h r e e s e p a r a t e processes, t h e c r o s s f i e l d plasma d e p o s i t i o n method i s one o f t h e most convenient d e p o s i t i o n t e c h n o l o g y .
